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Donald R. Messier 

Lawrence Radiation Laboratory 
University of California 

Berkeley, California 

August 15, 1961 

ABSTRACT 

The kinetics of the reaction between MgF 2  and water vapor 

were studied in the temperature range from 950 to 1100
0 C. Deter-

minations on powdered, sintered polycrystalline, and single-crystal 

specimens yielded different activation energies The differences were 

attributed to differences in microstructure among the several specimen 

typeS 

Reaction rates were determined by measuring weight loss with 

a silica helix and cathetometer arrangement. The reaction was carried 

out in a flowing atmosphere of argon which possessed a known water-

vapor partial pressure. 

With all sample types, the reaction was interface-controlled. 

After.the attainment of steady-state conditions, a 2/3.order rate law 

was followed. 

Activation energies of 25, 56,1±6, and 42,3±5 kcal per mole 

were obtained for the powdered, sintered polycrystalline, and single-

crystal specimens, respectively. The single-crystal value agreed with 

the heat of reaction of 43.8 kcal. per mole, indicating that the rate-

controlling step was the chemical reaction itself. The low value for the 

powdered specimens was a result of area changes caused by sintering. 

The structure of the product layer on the presintered polycrystalline 

specimens was such that it provided greater impedance to gas flow than 

the single-crystal product layer. Consequently, a greater reaction-rate 

temperature coefficient and higher activation energy resulted. 



I.. INT.RoDUCT.IQN 

Some prelimihà.ry work leadirg to thisinvéstigation wãscon 

cerried with the reaction of magnesium fluoride and ai.uminain air,  to 

form spinel: 	 . 	

V 

1/20 2 (g) + A1 203 (s) + MgF 2 (s) - MgOAl 2O 3 (s) + F 2 (g) 

Equimolar: mixtures of the solid reactants. were heated .in air :  attemper-

atures from 900 to 1100 0 C. Xray.nalyses oftheproducsindiçated 

that at least some uncombineci MgO waspresent. This could have re 

suited from the oxidation of MgF 2  by either oxygen or water vapor. 

The following thermodynamic calculations were carried out to determine 

which reactant was responsible for.the MgO formation: 

Reaction (1). MgF 2 (s) + i/z 0 2 (g) MgO(s) + F(g) 

Assuming C. 0, we can write 

F°1200 °K .H°298  °K - 1200ILS°293 °K = 100,050 cal, 

log K = F°/4 576T =-18 3, 

and 	
. 	 V .  

K(P0 
) 1/2 5x1019(0.2)1/2 = 2.25x10 9  atmos. 

2 	2 	 . 

Reaction (2). MgF 2 (s) + H 2 0(g) ' MgO(s) + 21-LF(g). 

	

For Reaction. (2) we have 	...... ., 

Fo 	°K = 12,950 cal 	 V  

and 	 . 	... 	 V  

log K = 	2,36. .. 	 . 	

• - 2 
Air at 25 ° C and 50% 	 . relative humidity  has a P 	f 16x 10 atmos. 

Thus we obtain 	.......... V 	 . 	 V  

HF (KP
Ho ) l ' 2  8x10 3  atmos. 



On comparison of the partial pressures of F 2  and HF produced 

by Reactions (1) and ( .2) respectively, it is.evident.that..the water vapor 

reaction is more probable. Comparative weightloss runs coxfirmed 

that MgF2  was oxidized much more rapidly with water vapor than with 

dry oxygen. Therefore, this investigation was concerned with the more 

important water=vapor reaction. 	. . .: . 	. 

The formation .of MgO from MgF 2  involves a weight loss of 

about35%. Thiis,the progress of the reaction can be followed, with a 

high-temperàtüre weight-change apparatus This reaction is also de-

sirable for study because there are no known intermediate reaction pro 

ducts to complicate its interpretation. 

The literature contains little information concerning the kinetics 

of high-temperature reactions involving gases and ionic or covalent solids. 

However, several general works that deal with related processes are 

available. 

A good discussion of the determination of reaction order in gas-

solid reactions is given in a monograph on the oxidation of metals by 

Kubaschewski and Hopkins. Garner has surveyed the work on the endo 

the rmic decomposition of solids. 
2  Except for.the additional. complicating 

step of the chemical reaction itself, these.decompositions are quite 

analogous to the endothermic .reaction dealt with in the present work. A 

discussion of.factors that can lead to difficulties in the interpretation 

of the results of endothermic decomposition studies has been offered by 

Britton et al. 3 

Since the start of this study, 'a paper dealing with the hydrolysis 

of a number of fluorides, including MgF, has appeared in the literature. 

A comparison of the activation energies reported and those obtained in 

this investigation emphasized the fact that sample geometry and physical 

state (polycrystalline, singlecrystal, etc. ) decidedly influence the re 

suits of such high-temperature kinetic studies. 	. 
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.11. EXPERIMENT 

A. Materials 

Three different types of specimens were used in the experi-

mental determinations. These included powders,, single-crystal cubes, 

and polycrystalline sintered discs. 

The MgF2  powder used.for both the powder runs and fabrication 

of discs was provided by the U. S. Bureau of Mines Thermodynamics 

Group. It was prepared by reacting ,MgO with hydrofluoric acid. The 

resulting MgF2  was dried at 400 0 C. This material showed no weight 

loss after being heated to 600
0  C. Therefore, it was assumed that the 

absorbed water content was negligible. Xray'diffraction patterns of 

this material revealed no detectable crystalline impurities. 

The sintered polycrystalline discs were made by dry pressing 

in air and sintering in a dry argon atmosphere. Before pressing, the 

powde,r was ground to -200 mesh. Then, 0.5-g samples were dry-pressed 

at 5000 psi into discs. 0.5 in. in diameter. These.discs were sintered 

at 1100 
0

.  C.for.thr.ee  hours. . Their surface areas were calculated from 

measurements made with .a micrometer, 

The single-crystal specimens were iabricated from material 

supplied by two sources... An infrared spec.trograph on material furnished 

by W.,Sçott of this laboratory showed no detectable impurities. Additional 

material was obtained from A. Duncanson, Aberdeen University, 

Scotlãnd. Specimens of known crystallographic orientation were made 

from pieces of material whose orientation had been previously determined 

from back-reflection Laue patterns. Cubes weighing approximately 

0.5 g each were cut with a diamond, saw and polished down to.3/0 paper. 

The orientations of the individual, specimens were rechecked. The cubes 

were.measured with a micrometer. - 

K. K. Kelley,. .Berkel'ey.Thèrmod'ynarnics .La'bo'ratory.Region II 

Bureau of Mines; .Berkeley"4, "California, . 
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B. Apparatus 

The experimental apparatus used is shown in Fig. 1. The weight-

loss measuring device consisted of a fusedsilicà helix from which the 

sample holder was suspended; The change in extension of the helix was 

determined by taking periodic readings with the cathetometer. In order 

to avoid errois due to thermal expansion.of the apparatus, it was 

necessary to use a reference marker which was attached to the helix 

sus pension point. This system gave weight-loss measurements with a 

precision of ±0.5mg. 

• 	Two different sample containers were employed. A platinum 

cruciblewas used for the powder runs, and a platinum mesh basket for 

single-crystal and.disc runs. In each case, the container was suspended 

from the helix by 0,002-in. Ni wire. 

The vertical-tube furnace'was heated by a helical Kanthal-A 

winding. Its maximum operating temperature was 1200
0 C. Ahighlow 

temperature èontrol provided by a Micromax controller was used to 

control temperature to ±5
0 C. Temperatures were measured with a 

Pt-Pt 90 Rh 10  thermocouple whose output was read with a potentiometer. 

The reaction chamber consisted oia 1=1/4=.in. o. d. mullite tube. 

The atmóspherè control system was p tterned after that described 

by Datsur and .Chipman. A spherical float-type flowmeter was used to 

measure the gas flow rate. Water vapor and Oxygen impurities were 

removed from the argon by the drying train and heated copper chips. 

The water..vapor partial pressure was controlled by setting the thermo-

stat at the desired temperature. The saturated argon stream then 

possessed an amount of water vapor proportional to the vapor pressure 

of water at the temperature of saturation, The saturator bottles con-

tamed glass beads to insure dispersion of the cairier gas. The output 

trap was filled with glass wool to prevent spray.from .entering the heated 

tubing.. A glycerine bubbler at the furnace output prevented back-dif-

fusion into the system. Withthis bubbler arrangement, the pressure in 

the system remained at approximately 1 atmos. 
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Fig. 1. High-temperature weight-loss balance 
System. 
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During the runs, time intervals were measured with a stop watch, 

Various supplementary items of equipment were employed in 	 * 

the examination of the specimens. These included stereo and metai- 

lographic microscopes. An .Orthopot macro-camera was used to obtain 

photpmicrographs of sections of the reacted specimens. 

C. Procedure 

The procedure.for experimental runs varied only in the method 

used.for sample preparation. The powder samples were prepared 

simply by weighing 0,.5g amounts of MgF 2  powderinto the platinum 

crucible. The single-crystal and disc specimens were placed in the 

platinum basket. Their exact weights were found by difference weighing 

with an analytical balance 

All runs were made at a water.vapor partial pressure of 55.3 mm. 

The gas flow rate was set at 285 cc/mm. In order to determine whether 

the results would change, several runs were made with a flow rate of 

190 cc/mm. No significant differences were noted. 

The procedure for making the runs was as follows 

The sample container was suspended from the helix into 

the reaction chamber. 

The sample was heated to the desired test temperature in 

dry argon. 

The argon stream was diverted to passthrough the saturator. 

This operation initiated the reaction,. and.the timer was started, 

The helix extension was read at regular intervals whose 

length depended upon the reaction rate at the selected test temperature. 

Alter reaction, specimen .surfaces and cross sections were ex-

amined with .the microscope. X..ray diffraction was used to identify 

the reaction product. Back- reflection xray patterns of the single-

crystal specimens were used in an attempt to establish the orientation 

of the MgO in the product layer. 
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ilL RESULTS 

A. Determination of Weight Loss 

The reaction between MgF 2  and water vapor was found to pro-

ceed quite rapidly in the temperature range.from 950 to 1100 ° C. At 

1100 ° C, the reaction went to about 5076 completion.in  two hours. The 

results of the weight-loss vs time runs for powdered, polycrystalline 

disc, and single-crystal samples are given.,in..Figs 2, 3, and 4. In 

accordance with the equations to be derived below, the fraction of MgF 2  

remaining, w/w 0 , was taken as a measure of the extent of reaction. 

All determinations were made with a water vapor partial pressure of 

55.3 mm. 

Because of a scarcity of material, samples of different sizes 

had to be used for the single-crystal runs. Therefore, the curves in 

Figs, 4 cannot be directly compared. However, as indicated further 

on in the text, the procedure employed .for.the determination of rate 

constants takes this siz.e.factor into account. 

B. .. Derivation of a 2/3-Order Rate Equation 

The reaction proceeded through the formation of an MgO coating 

on the MgF 2 . As this coating increased in thickness, the volume of.the 

remaining MgF2  core, and consequently its surface area, decreased. 

Since the reaction rate depends upon the surface area of. the unreacted 

material, equations were .derived to allow for .this continuous area change. 

For all of the geometric shapes considered, this area change consideration 

resulted in equations which show that.the reaction rate is proportional 

to the 2/3 power .of the weight of MgF 2  remaining. 

In the following derivations, two assumptions were made. First, 

it was assumed that reaction rate.is  proportional to the surface area of 

the remainin.g unre acted material. Second, it was assumed that the 

product layer was of uniform thickness. Thus, the relative dimensions 

of the unreacted portion remain constant. 
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Fig. 3. Plot of w/w vs t for polycrystalline discs. 
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Fig. 4. Plot of w/w 0  vs t for single-crystal cubes. 
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For cylindrical specimens we can write 

dw/dt - ktA,  

where .t is time, w is the weight of unreacted material, A.is:the surface 

area of unreacted material, and k' is a constant. 

For a ,cylir.der of height h and diameter .d, assuming a uniform product 

layer., we have 	. 	.. 	. 	. 

h/d = c, where •c is a.constant. For radius r the volume is 

V=,-rr 
2 
 h.=Zcrrr  3, 

theareais 

A = 2rrr 2  + 2rrrh = 2rrr 2  + 4crTr 2  = 2rrr 2 (1+2c) 	,. 	 . 

and we have 	 . 	 : 	. 	. . 	.. . 

v 2/ 3  = 2 2/ 3r 2/ '3 c 2 h1'3 r 2 . 	 . 	. 	.. 

Eliminating r, and expressing A in terms of V, we, have 

(2c+l)2V 	
85 

(ZC+l. ) ( 

	

C2'3 	. P 

with 

.v2/3 = ,(, ' .2/3 where p is the density. 

A= 1 85 (2:+1 ) ( 

Let 
2+1 

B. 

Then we can write 

- ktA= - l85k' B ()2/3 

Integrating the preceding expression over the time interval 

(ta 't 1 ), we have 



1/3 	1/3 	
o.61k'.B (t 2 -t. 1 ) 

wt 	_wt 	 2/3 	 , 	 ( 2 ) 
1 	2 	 p 

or, collecting constant terms, 

1/3 - 
	

1/3 	k Bt 	 (3) 
l 	2 

At t 0, w is equal to w 0  . Substituting and dividing through by. 

1/3 
w0 	, we have 

w 1/3 	.kBt 
-1/3 	

4) 
0 

The above equations were applied to the powder and disc specimen 

data This procedure was justified for the powder specimens because, 

by sintering toabóut onefourth of their originalsizes1 they became 

compacts which retained the shape of the cylindrical platinum crucible. 

Thus they were effectively cylinders whose bases rested on the bottom 

of the crucible and whose tops and sides were exposed to the attacking 

atmosphere. 

A similar derivation was carried out for the single=crystal 

specimens. These were either cubes of edge length Z, or parallelo-

pipeds with one square cross section and height h. Letting h = c, 

we obtain the integrated rate equation 

1./3 	1/3 	2 	l+c 	k' 
-w 	=- 	(z/3)273 At 	

(5) 

1+Zc 
Again, letting 	z13 ) = B and collecting constants, 

C. 

1/3 - 	V= -kBt 	 (6) 
1 

For a perfe.ct cube, B equals 3. For other specimens, thisquantity 

was obtained from micrometer measurements. 
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C. Application of the2/3-Order Equation to WeightLoss:Data 

If the reaction rate depends solely upon the surface area of the
1/3 

unreacted material,. Eq . (4) shows that a plot of(/w 0 ) 	vs time 

shouldbe linear. Figure 5 gives a typical plot using the singlecrystal 

data for four runs at different temperatures Plots of the.data for other 

specimens were similar. It is evident that, following initial curved 

portions,. the plots . became linear. 

Experimental points from .th.e stight line portions of the (w/w0)l/3 

vs time c.urves were used in calculating rate constants. The calculations 

and values obtained for rate constants of the powder, disc, and single= 

crystal specimens are given in Tables I, II, and III. The procedure was 

c.onsistent for calculation of these values for a given set of specimens. 

However, .because of differences in sample size, shape, and porosity, 

the rate constants for different sample types cannot be directly compared. 

D. Determination ,o.f the Activation..Energy 

Figure 6 is a plot of the .rate data for each of the three sample 

types according to the Arrhenius. equation: 

k = A 

in .k in A - E/RT 

Activation energies were obtained, from the slopes of the plots 

of. ink.vs.1/T. . The least-squares slopes were used.for.the single-

crystal and disc specimens. An error analysis was made according to 

the method given by Benson. 6 . 	 .. .. 

were obtained: 

Specimen type 	 E(kcal/mole) 

Powder 
	 25 

Polycrystalline disc 
	 56. 1±6 

Single crystal 	 42., 3±5 

Ihe .Iollowing activationenergy vaiues 
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Table I. 	Calculation .of rte constants for powder samplesa 

Temp. 	Time 1 / 3  1/3 kxlO 3  ln(kXlO 3 ) 
o 	interval (K) 

t  1 
t 2 perhr 

(mm) 

1223 	60-180 0.762 0.729 16.5 2.80 

.1373 	60-240 0.734 .0.588 .49.0 3.90 

a 	1/3 - 	 1/3 
- k (t 2 -t 1 ) 

1 	2 



• Table II. CaIcu1âtionof rate constants for poiyèrystaliine _.disc.sarnplesa 

T0emp Run Time h/3 B kx10 3  ln(kx10 3 ) avg 
ln(kXlO 3 ) tIK) No. interval 1 2 	.. per hr. . 

(mm)  

1223 1 60-240 	. 0.757 .0.707 4.13'z 202 0.70 

1223 2 .60-360 0.762 0.696 4.17 3.17 . 	1.15 0.94 

.1223 3 60-360 0.761 0.705.4.24.. 2.64 	•• .0.97 

1273 60-240 0.731 0.659. 4.24 5.66 1 74 1 74 

1323 1 60-240 0.692 0.501 4.09 15.6 2.75 

2.72 

1323 2 60-250 0.698 • 0 1 508 4,14 14,5 

1373 1 .30-100 0.689 0.525 4.17. 33.8 3.51 
.• . 	 . 	 •. 

•. .3.52 

1373 2 40-100 0.685 0.544 4.12 342 3.54 

a113 
- wtl / 3 = - kB(t 2  - t1) 
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Table III. 	Calculation of rate constants for single-crystal. samplesa 

Temp. Run Time 13 1'".3 
3 3 

(° K) No. interval . w w t2 B kxlO. 
hr 

ln(kXlO ) 
Avg 

ln(kxlO 3 ) (mm) per 

1223 1 60-360 0.845 0 788 3 3 80 1.33 1.33 

1273 1 120-360 0 711 0 631 3 6 67 1 91 1.91 

1323 1 60-240 0590 0.453 3.0.3 15.1 2.72 

2 66 

1323 2 100-280 0.566 0.444 3.03.. 13.4 2.60 

1373 1 60-140 0.692 0.594 3 24.6 3 20 

3 17 

1373 2 80-160 0.571 0.478 3 02 23.2 3.14 

a113 
- w= - kB(t 2  - t 1 ) 

(c 
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The two powder runs were made primarily for comparison with 

the results of other workers. Since good agreement was obtained, no 

further determinations were made on powder specimens. 

E. Microstructures of Reacted Specimens 

Microscopic examination of sections of the reacted specimens 

showed that there was a clearly defined interface between reactant and 

product on all specimen types. The product adhered tenaciously to the 

reactant and showed no tendency to crack orl fall off. 

Figure 7 shows the microstructures of the product layers on 

different specimen types. It is evident that the product layer on the 

discs and powder specimens had a very fine-grained, practically amorphous 

appearance. On the other hand, the MgOcoating onthe single-crystal 

specimens had a platy habit. Figure 7 shows the typical appearance of 

the "plates " These were always found to be oriented perpendicular to 

to the MgF surface. 

The presence of anisotropyof reaction was suspected. However, 

examination of the thickness of the product layer in different crystallo-

graphic directions on the single-crystal specimens showed no significant 

variations. 

F. X-ray Results 

X-ray--diffraction patterns on pulverized reacted specimens 

showed only MgO and MgF2  to be present. 

The MgO coatings on the single-crystal specimens .produced 

back-reflection Laue patterns typical of preferred orientation. Pre-

liminary studies gave no evidence that there is a simple epitaxial re-

lationship with the structure of the underlying MgF 2 . It has been mentioned 

above that microstructure examinations indicated that there was a preferred 

growth pattern with respect to the MgF surface, but further work will 

be necessary to accurately establish the orientation. Back-reflection 

patterns of the product layer on the polycrystalline disc specimens 

showed random orientation. 
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Fig. 7. Microstructure of reacted specimen (x13). 
Top: powder; center: polycrystalline disc; 
and bottom: single-crystal specimen. 



IV DISCUSSION 

I, was stated in Section III that in interfacecontro1led reactions, 

the reaction rate is prpportional to the surface area of the unreacted 

material and.consequently to the 2/3.power of the amount of, unreacted 

material. Since, the reaction rate is.. coistant, and,,only thesurface area 

changes, it seems justifiable to regard such a process as following zero-

.order kinetics.. However,, the common practice.ip.the, literature is to 

identify such behavior as 2/3-order kinetics, and such a description is 

used in the following discussion,, '. 

In the evaluation of the kinetics of reactions in .which the product 

'forms.a coating ,on the reactant, the Pi,ling-Bedwor,th ratio must be con-

sidered. .This.quantity,, the ratio of the specific vóumes3 of product and 

reactant, is.equal tp. 0,57- :fo Mg.O/MgF2 . 'Such .a large volume difference 

would be.expected.to.induce,great,.strajns,in,the..,product layer, and 

possibly cause.cracking in it. , Although no.large cracks were observed 

in the MgO product layer, it seems likely that micro-cracking must have 

been present at the interface. 	.... 	..... ,. , 	,, . 
The over-all sample size of both the disc and single-crystal 

specimens .did not change ;during the reaction. Micrometer rneas.urements 

showed that the dimensions of the reacted specimens were withix 1% of 

their initial.values. This indicated that the .MgO was highly porous. Such 

a porous layer would .not be .expec,ted to provide much protection for the 

underlying M.gF2  surface,  

In tie results, ,the presence of.aclealy.defined..interfac,e was 

.given as. evidence .that the changing. surface area of the specimen had .to 

be taken into account. If, for the reasons advanced above, the product 

Player was nonprotective and the..weight...lo,ss. data were plotted according 

to.4.2/3-orde.r rate law,. ,th.e resulting curves should be linear, Any 

deviations from 2/3order kinetics should be,evident in.depa.rt.ures.from 

linearity in the plot of the integrated form ofthe 2/3-order rate.equation. 

Figure.5 indicates that, after an.initial deviation from linearity,, a steady 

state is. reached where this rate law appears to be valid. The ..extent of 
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reaction...corresponding to.the beginning of.the.linear portion of the plot 

varied from about 30% at 1100 0 C to 10% at 950 0 C. 

This initial, deviation could have been .due.to.several causes. 

First, one would suspect that.even.á.very porous coating would offer 

some impedance to the' flow of reactant and product gases. However, 

the evaluation of such effusion.effects is.complicated by their dependence 

upon the exact size,, shape,, and length of the pores. Since These factors 

were unknown..for the Mg,O product layers, any, effusion.effects can only 

be characterized qualitatively. 

One. could attempt to establish the presence of effusion by the 

determination of its temperature dependency. However, here again the 

temperature coefficient' . depends: upon the nature of  the pores. . This 

coefficient can..range from negative values for Poiseuille flow in large 

pores to positive values where Knudsen. flow occurs. Regardless of the 

type of effusion..taking place,. one would anticipate that the impedance 

to flow would be directly proportional to the thickness of the product 

layer, resulting in a parabolic, rate law. A test of. the experimental, data 

showed that they did not fit such a law. 

There is a further possibility that the deviation from linearity 

could have resulted from a pressure buildup inside.the.sample. In 

the early stage.s of the reaction,, this layer would be thin, and the 

gaseous product could escape easily.. .As its .thickness increased,,the 

apparent reaction rate would decrease because .of the increasing difficulty 

of escape of the product gas. Thus, the pressure would build up until 

an equilibrium was reached between .the rate of escape of the gas and 

the rate of reaction. This could result in.the steady state suggested by 

the linear portions of the curves in Fig. .. 5. After a steady state was 

obtained, such a mechanism would not involve a dependency upon the 

thickness of the product layer. Furthermore, since the rate of escape 

of the gas would be proportional to the reaction rate, the rate .constants 

obtained would still be accurate measures of the velocity of the chemical 	ti 

reaction. 	 . 	 . 
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In endothe rmic reactions, the probable occurrence of the back 

rea.ction must.be  kept mmmd. If one considers ,a possible pressure 

buildup such as.that described above, it seems likely that some of the 

HF would recombine in its passage through.the product layer. However, 

If this process were .rate controlling, the amount of recombinationshould 

be proportional to the thickness of the product, layer,. and a parabolic law 

would result. 

It appears that all of the abovementioned..factors, although not 

strictly rate-controlling individually, could contribute to the initial 

deviation, from 2/3-order kinetics, 

Although it is difficult to estimate .an activation.energy accurately, 

one can .obtain an idea of its approximate magnitude for an endothermic 

reaction. . For such a.reaction, it should be at least equI to the. Lheat 

of reaction. For the reaction between MgF 2  and water vapor, 

HlZOOoKis.438 kcal per mole, The.single-crystal value of 42.3±5 

kcal per mole is.in good agreement with this figure. Garner has.tabulated 

the results of a.,number of endothermic decompositions where similar 

agreemert was ,obtained between heat of reaction and a.ctivation..energy 

The polycrystalline-disc.value of 56,. 1±6 kcal per mole is substantially 

different, but still greater than the heat of reaction. 

The single-crystal result indicate s.,that the controlling step is 

the chemical reaction. itself. The higher value calculated.from the 

polycrystallinedisc..data indicates that. the temperature dependence of 

the rate.is. influenced by additional factors. Pigure 7 shows that the 

microStTuCture of the MgO layer on...these specimens differed considerably 

from that on, the sing1ecrystal specimens. The coating on the latter 

appeared.to have long channels between the plates and perpendicular to 

the Mgi2  surface. On the other, hand, the coating on.the.discs gave no 

'evidence.of preferred pore orientation. Such a random structure would 

probably offer a greater amount of resistance to the flow of gases. The 

effect of this resistance might be overcome by increased rnole,cular 

velocity at the higher tempeatures. . Thus, a greater reaction-rate 

temperature dependency and higher activation-energy value would result. 



Since the initiation of this study, Deadmore et al, have reported 

an activationenergy for this reaction. The two powder runs were made 

in an effort to duplicate Deadmors reported results. The value of 25 

kcal per mole obtained in this investigation is in good agreement with 

the reported.figure of "about 21 kc4l per mole", but much lower than 

the values for the single-crystal and disc specimens. The explanation 

for this discrepancy undoubtedly lies in the fact that MgF 2  powder sinters 

quite readily in the temperature range being considered. For samples 

of equal weight sintering decreases the surface area to a greater extent 

at 1100
0 C than at 950

0 C,, thereby causing a,reduction of the measured 

reaction, rate at the higher temperature relative to the lower one. The 

apparently:low activation.energy was .a result of this process. 

The preceding discussion emphasizes the great important of 

considering physical factors in dealing with high-temperature reactions 

similar.to. the one studied. In the present case, it is evident that the 

previous.teatment and state of aggregation of the reactant radically 

altered the observed kinetics 

Although sing1ecrystal specimens of two different orientations 

were used, a comparison of reaction rates revealed no detectable 

anisotropy. In addition, inspection of a section of a cube who'se laces 

were approximately (001) and (110) showed.that.the.thickneSs of the product 

layer was the same onthe two. faces. 

It was mentionedthat the MgO layer on the.singlecrysta1 speci-

mens showed preferred .orientation The Laue patterns indicate that this 

layer resembles a plycrystal1ine material with a texture rather than a 

pseudo single crystal. Therefore, it is difficult to establish whether a 

simple epitaxial relationship exists between reactant and product. It is 

anticipate.d that future studies of the structural details of the product 

layer and interface will help in the understanding of the role they play in 

influencing thekinetics of.this. reaction, 



V. SUMMARY 

Insummar, itmaybe concludedthat::: 	1; 

(a) .:After the attainment of steady,state.% conditions, the, reactiOn 

between MgF2  and wate.r.yapor follow.s a :Z/3.or.der rate.law. 

(b). The activation energy. of 42.315 :kcal pe,r mole obtained with 

the single -crystal specimens..agree4 quite well with the heat of reaction 

of 43.8.kcal per mole. Therefore, it was .concluded that the rate =con 

trolling step was the chemical reaction itself. 

. The low value of.25 kcal per mole for the powder specimens 

and the high figure of. 56.. 1±6 kcal per mole for the sintere.d polycrystalline 

discs were due to microstructural features in these specimens. Sintered 

interierediñ.thecase .oLthe1.po'rder specimens0 The structure of the 

product layer on the discs was  such as to provide a greater impedance 

to gas flow than was given by the singlecrystal product layer. 

The above conclusions emphasize the great importance of 

considering the physical state of specimens used in studying high-

temperature gas-solid rea'ctions, 	. 
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